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@ Time-allocation of , radio carriers. ' 

(B) In* a TDMA celijjfar system, there" is" provided 'a mechanism for splitting the allocation of time slots 
within a TDM frame between adjacent coverage 'areas. There is provided a rnethod'of and apparatus for 
time-aIlocatbn of:TDri*V. channels. It is characterized by: periodically allocating some portion of a 
• carrier (19A-24A). 1 of radio traffic to one coverage area during one time interval and periodically 
^ allocating some otfcer' portion of that same carrier (19B-24B) to another coverage area during a 
substantially non-ove'rtajjprng time; interval, all in time synchronism with any proximal reuse of that 
carrier. The" distribution of cfranrWls~iri"a^ "coverage areas thereby approaches - parity (8+84-5 - 
8+8+3+3) and the minimum channel capacity per coverage area is enhanced (8+8 => 8+8+3+3 ; 16 => 
22). 
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flME-AllLOCATION OF RADIO CARRIERS 



THE FIELD OF INVENTION 



This invention is concerned with 'time^allbcation 
of cellular radio carriers. ( " ' 

More particularly,' in a TDM A cellular system, this 
invention .is concemecj with splitting the allocation of 
time, slp te within a TDM frarne between adjacent 
coverage areas. "*"'. ' 



BACKGROUND OF THE INVENTION 1 



Currently prppbsed .'./FDMiy TDM A ^cellular 
. i^dkielephone systems are spectrally inefficient due 
to' an undesirable" granularity in nYeir'chahnei allo- 
cation. . ( ,.. " ] r.,.. 

Traditfbnahy, \\n c^n'ul^.systerns^ ascapaciiy is 
needed at any .pell sitei additional frequencies' are 
more or less permanently, and fbcedly aOocated to that 
celLjn DMsion. fauffi^^ 

, terns, like the next generation digital cellular system, 
: m Europe commonly known .as'^GSM ParirEuropean 

Digital Cellular, each carrier has multiple (eighfrtime 
, slots in each frequentially repeating time .frame. Each 

slot represents, a singlp. channel of Jradjo; traffic 
v capacity. Thus, channel capapjty.would ordinarily and 
^ naturally be added on a rripdui^ight jba^ the' " 

addition .of each carrier.'in pthera w° 

arity of eight , . ■ : .o. n ', \, >. dr„-,yV~ 
;r . Tfus^granula^ 

- because i .overall- npminaTsystem ; capacity ,and.pian-, . 
ning is based^upon providing thVmininr^m, number of 
trafffc channels to sery^ in 
a given area. Yet adja'c^opverage'a^ we " 
exceed this nominal capacity by one^or^p ojro^ers of 
magnttud&^odulo-eighOrdur to this granularity. Jhis^ 
is a particular problem- in. FDMAfTDMA^ stystems 
because- affixed t number £ ottirne siotsJpjBr r repjBating 
frame are. allocated every time a.nejw carrier is, allo- 
cated to a coyerage t area. c - . .31 ;...i. J 
-. • C^ers.a|terppted to ^ojye" somewhat . analogous^ 

< capacity problems in FDMiCsysjtems by load, shed- 
ding, or sharing carriers between adjacent sectors of 
a cell, but such frequency sharing disturbs the. regular 
cellularfrequency reuse pattern and causes co-chan- 
nel interference. Cellular (Systems require a certain 
geographic separation of reused frequencies to^avoid 
undo unterference. \rv other : words, the, level ^of co- 
channel interference (caiTier-to-interferen^ ratio) 
experienced, by a cellujar subscriber from. a . proximal 
reuse of that same earner frequency .establishes the y 
distance at which co-channel, omni-directional 
antenna sites are allowed to exist, while the predic- 
tability of the directivity of sectored antennas serves 
to reduce the reuse distance (see US Patent No. 
4,128,740 to Graziano and assigned to the instant 



^ assignee). Sharing a carried frequency from its^nten- 
5 5 deer orientation to an adhacerit sector of unintended 
' ' orientation adversely affects trie interference - in that 
5 ; "■' direction: * ■ " ' ; '-• •• 

' . This invention takes as its object to overcome 
" these shortcomings and to realize certain advantage 
: presented below-' ' : ; ! '' 1 * ' " 

* ' According to this invention^ to even the r granula- 
10 11 s nty-induced"discoritinaities between adjacent cover- 
° ag T e areas and to provide additional capacity as 
^ c iieedeci; certain time slots from one' frame are allo- 
*' '"'cafceditb brie 'coverage area While other time slots in 



""" the frame are allocated to another coverage area. 
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"SUMMARY OF THE INVENTION 



,fi jn a TDMA . iMlfular systerh,' there is 'provided a 
" mechanism for splitting the allocation of time slots 
20 within a TDM frame between adjacent coverage 
areas/There Is provided a method of and apparatus 
" ^ forume-altocation of TDMA channels: Its comprises: 
.periodically allocating some portion of a carrier of 
i radio traffic to one coverage area during one time 
25 "interval and "periodica^jy allooatingsqme other portion 
of c tKat same carrier to another coverage area during 
a substantially non-overiapping time interval, ail in 
. v , time synchronism withlany prowmal reuse of that car- 
\ ^ t,,nej. The' distributidri of channels in adjacent coverage 
so^^^^s^ereb^' appTObhes'panty' and ttie minimum 
^^ channeljcapacily ^ area is enhanced. 



35/ 5v - . Additipnati ^pbjecfcs,* features 'and, advantages of 
the.invention will'be more dearly understood and the 
{ r . best rrtode contemplated for practicing it.in its prefer- 
. " .', red embodimeht wSj^l^^appre^aMi^'wax.pf uwe- 
..sWct^^e^mplej ..from the„ following \ detailed 
4o ', { .description^^ ^'takeri. together^ with the accompanying 
.drawings in iiyhichF . m " . . ' . " ' ' , ; . ^ 
figure 1 is,sfcelliilar frequency, planninjg diagram 
i( . of. the, nehvprk in which the , preferred, embodirnent of 
.u i ^4be s invention operates. " 1„, 

45^. ;; / Figure 2 .jllustrate ..cellular ^frequency, planning 
according, to the preferred embocliment of the Jriven- 

^'rfe'V^/s , ;r ., :f ' 

rft! . Q , Figure .21 is.a block .diagram of an. apparatus for 
f . T predeterminaliy subdividing a TTJMfrarne^according 
so . , - . to~ me instant invention. r 



DERAILED DESCRIPTION 
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* Figure 1 is a cellular frequency planning diagram 
of the network in which the preferred embodiment of 
the invention operates. 
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Figure 1 illustrates what would occur in a three 
cell site, nine-sector cellular repeat pattern if a set of- • ■- 
twenty-four carrier frequencies were conventionally 
distributed such that every sector had roughly the 
<: . same frequency capacity. The. uneven division of 24 
- carriers by 9 t . leaves six sectors with, three carriers 
each and three sectors;, with two. earners ^ach.. This 
doesnt seem quite so lopsided (because disparities - 
of one were not conventionally thoughtto be divisible) 
. ; - until; one, realizes that- in a TDM environmien^ each 
carrier frequency contains eight traffic jchanpels. 
Thus, the real capacity disparity is riot 3:3:2 or one 
. - j. channel, but eight times that, or 24:24:1 6. -r a channel . . 

capacity disparity of eight Frequency ^disparities of ' 
..,-pne^were ncjj. thought Jo ^. J( divisibie .(other th^ui by 
"sector sharing" with, its attendant jn^£rence pen- 
alty), but time slot disparities of eight are read ijy divi- 
sible and capable of being reallocated to provide t 
additional capacity anoVaise theJocal minimum chart- " 
nel capacity from 1 6 (basing 'system* capacity on 24 
channels per cove/age areawould have caused one- 
... third of. the system to. have been ^constantly over- 
. , Joaded). . . . . V '■- v~ • 

,J V Figure 2 Hlugtrates cellular frequency planning 
' r r .^accorojing to the preferred ( e^b^Jm^ 

Figure 2 illustrates the same (24 carriers x 8 lime 
, T slots «=).1jB2 channels' J redistributea^ac^din^ .fo tne er 
' invents oh i rats i rig the loc^'mi nimum chan nef capacity 
to 21 and; providing, parity among adja^r^ sectors, 
resulti ng . in greater spectral effidehcy.' '. \"" 
r .1 " Certain channjel sets^ 9^20,^*; 2^; 23. 'ana* 24) 
have had their e ig Kt^ot'fiarnes split in tw£> subfiiajmes . 
' 'of an A pdra'on W%ve 

slots. They are" allocated between'm^e^dtbrsfh Sme- 
synchronism with the repeat pattern, trjejetpy avoiding 
the co-channel interfeYenoe -^rrimenly^exf»riehced 
, with sector sharing. Thus, six .sectors have two car-^ 

." riers at ej'ghjt cfiannell ^^Srsfo&a^ll&^ five fC* 
channels, or a[ channel ^pacfty of 2l7while threVsec- 

Jtors have two carriers at eigilt chan n^ls ejach'ari d two 
caitiers at tfiree ' B channels &ch, ; of",' a Channel 

' ' rapac^of 22. Accordingly; sufi^V^tra^c'channel^ 

' "pariiy Has been^cliieVed-at 2f^f^^^^'n6Mria\^ 
stated system capacity^ increake J tt>fri *l 2f Chan- 
nels.- :> This foregoing [ n ajtdcati6n ; a^kirnes time 
synchronism betweerrall sectors'. If airs&torsrare not 
time synchronized, each fram¥ cannot be ;$o heady 
' allocated between sectors.; I ri : that ^case^bne A siof " 
"* a'nd one B slot'niu^^^ln^ed'tS guard'against co- 
. channel interference <lue to loose synchronism or 
*'.'* 'asyiicftrori on les- 

'ser-grade^-sirvlCB -' cails),^ Notrt^tandUig [ the 
channel loss in these loosely'syncshrbrtized systems;" 
parity would still be achieved at 8+8+4 : 8+8+4 : 
8+8+2+2 or 20;20:20, f with a net increase of 4 over the 
previous local minimum channel capacity of 16. 
Advantageously, the B intervals (say 19B and 



C-v. ? 

20B) could themselves be arranged in time to be non- 
* ; pveriappinc; in a single frame such that both could be 
provided via a single, frequency-agile transceiver. 
Figure 3 illustrates an apparatus for predetermi- 
5 nally subdividing a TDJyl frame. It illustrates a three bit 
(modulo-eight) time slot counter 301 to count the num- 
ber.of time slots^per frame, following initial synchroni- 
zation. A latch 303" holds the predetermined number 
■ .of .time slots allocated;-five for. an A set and three for 
10 v ,a B set, for example. Jhe comparator 305^04- its com- 
, r , pUniientary ' pyutoutKsete' the flip-flop 307 to cause a 
control signal to be generated, enabling a transceiver 
309 in that sector. The modulo-efcht counter 301 
resets the flip-flop 307 with each new frame. 
15 Thus, in a'-TOMA cellular system, theWhas been 

„ ... provided a mechanism for splitting the a (location of 
;) ; ^tirh^. .sj^te 'wfh(n^^TDM : frame* between adjacent 
coverage areas."TKere ^ has ^been ^provided a' method 
of and apparatus for tirhe-atlocatjori of TDMA chan- 
20 pi nels. It comprises: periodically allocating some por- 
tion erf a ^earner of. radio traffic to one" coverage area 
^^urmg "one time i nferval and perioafcally allocating 
jsdmej other 1 portion of ' that same carrier. to anoth er 
; coyerag Ware^during[a substantially non-overia pping 
25 time interval , ail: in time interval , all in tone synchron- 
ism' with any firdximai reuse of that carrier. The dis- 
J \ tribution of channels 'tit "adjacent coverage , areas 
J thereby approaches parity and the minimum channel 
t capacity p^'r coverage area is enhanced.''" 
30 V- r i.- Wniie\the"pre1er^^ of the invention 

* ' ' has-been described and shown, it will be appreciated 
J by"mbse stalled ir/ this 9ield that other variations and 
modifications of this invention may be implemented. 
' 1 For example, although^ the foregoing discussion has 
35' T beenln terrhs of Balancing 6t evening the net nominal 
^ I system capacity/* me^ r daifned 'concept of time-allo- 
V dation" of carriers is equally applicable to providing 
''tirhe^f^daylsr otner 1 capacity increase on a dynamic 
. ro ,^asis.^imiSarry;* althr6ugh r the discussiori has revol- 
4cr * Veil arourfd TD^cHanhels because of their inherent 
^ r ^divisibai^ 1 tiie ihvention^finds utility in '"cellular sys- 
* ' .)* lern^ having other forrrW 1 of channelization;- like con- 
'* :i 'Venti6riaI sectoreSf^hteriria and - omnWirectiona! 
antenna Frequency-Division Multiple Access^ FD MA) 
45 - cellular systerns or any omnidirectional antenna sys- 
'""tern where * allocation ; of carriers - in : time^ could be 
' ^implernented - (prbvi'ded time .* synchronism' is 
- - established to coordinate co-channel proximal reuses 
rri of that carrier in^time): : : ' *^ 
so 1 * r>:: Although th~e- r fcretjdihg discussion has been in 
: v terms of a fixed and predetermined allocation of chan- 
] r '^ nel^padty, -dynamic allocation of channel capacity 
' ;; Tn accordance with theifiventiorf is equally feasible for 
r;, timfr<>t-day capacity needs' and the" like. Similarly, 
55 v ' although the discussion tias been m terms of rnodulo- 
Jl 'eight -TDM, -modulo-three'and rriodulo-sbc digital cel- 
; "* liilar systerns are in development; this technique is 
clearly equally applicable to modulo-n systems, 
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whether frequency-hopped or not 

These and all other variations and adaptations 
are expected to fall within the ambit of the appended . 11, 
claims. 



Claims 

1. A method of time-allocation of cellular radio car- 
riers characterized by: io\ 

allocating some portion of a carrier (19A- 
24A) of radio traffic to one coverage area during 
one time interval 

and allocating some other portion of that 
same carrier ( 19B-24B) to another coverage is 
area during a substantially non-overlapping time 
interval , all in time synchronism with any proximal 
reuse of that carrier. "12. 

2. A method as claimed in Claim 1 abpve.Jurther 20 
characterized by. allocating yet, another portion of 
that same'carrief to yet another coverage area 
during a substantially non-qveriapping time inter- * , 
val, all in time synctognism with any/ proximal- 
reuse of that carrier. ■ , ~ ■ 25 

* / 

3. A methoa* as claimed in Claim 1 above, wherein 
such allocation is done perjodicajly, . „ ; ;< 

4. A method as claimed in Clairn 1 above, ^wherein^ 30 
such allocation is done"* predeterminally y ' % 

5. A method as claimed in Claim 1 aboVe, wherein / 

such allocation is don* dynamically. 

j .. / 

■ * v * if' 

6. A method as claimed 1 in Claim Vabovey -wherein 

such carrier portion and such other carrier portion 
are characterized by' time slots of a TDM time 
frame. 

7. A method as claimed in Claim 1 above, wherein 
such carrier portion and such other carrier portion 
respectively are characterized by five and three 

\ time slots in a modulo-8 (301) system-synchro- 
,? nus TDM time frame,. _ " 

8. A method as claimed in [Claim. 1 above, wherein \ 
such channels and such other channels respect- 
ively are characterized by four a/id two time slots v - 
in a modulo-8 (301) loosely-synchronus TDM" ' 
time frame system. - '^""''.Tl^Ji 

9. A method as claimed in Claim 1 above, wherein . . 
a frequency-agOe radio provides more than one 
carrier in time synchronism with the system. 
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: one- carrier in time synchronism with the system. 

A method of time-allocabon of cellular radio car- 
riers characterized by. , 

periodically allocating some portion of a 
~canier (1-9A:24A) of radio trafTic to one coverage 
. area during one time interval 
* ■ ' * ' a,nd penodically allocating some other por- 
tion ( 1 9B-24B) of that same carrier to another 
coverage area during a substantially non-over- 
lapping time interval, all in time* synchronism with 
any proximal reuse of that carrier, . 

whereby the distribution of carriers in adja- 
"cent coverage areas approaches parity (8+8+5 « 
; -8+£+3+3) and the minimum channel capacity per 
coverage area enhanced. 

* f 

• .. , \ 

An'a'pparatus for time-allocation of TDMA chan- 
nels characterized by. 

means for periodically allocating some 
portion of a carrier (19A-24A) of radio traffic to 
one coverage area during one time interval 
operatively coupled with 

means for periodically allocating some 
other portion of that same carrier (19B-24B) to 
another coverage area dig a substantially non- 
overlapping time interval, all in time synchronism 
with spy maximal reuse of that carrier, 

" ~ whereby the distribution of carriers in adja- 
cent coverage areas approaches parity (8+8+5 « 
8+8+3+3) and the minimum channel capacity per 
coverage area is enhanced (8+8 => 8+8+3+3; 16 
=>22). 
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10. A method as claimed in Claim 1 above, wherein 
a frequency-agile transceiver provides more than 
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